The BH3-only family of proteins is key for initiating apoptosis in a variety of 39 contexts, and may also contribute to non-apoptotic cellular processes. Historically, the 40 nematode Caenorhabditis elegans has provided a powerful system for studying and 41 identifying conserved regulators of BH3-only proteins. In C. elegans, the BH3-only 42 protein EGL-1 is expressed during development to cell-autonomously trigger most 43 developmental cell deaths. Here we provide evidence that egl-1 is also transcribed after 44 development in the sensory neuron pair URX without inducing apoptosis. We used 45 genetic screening and epistasis analysis to determine that its transcription is regulated 46 in URX by neuronal activity and/or in parallel by orthologs of Protein Kinase G and the 47 Salt-Inducible Kinase family. Because several BH3-only family proteins are also 48 expressed in the adult nervous system of mammals, we suggest that studying egl-1 49 expression in URX may shed light on mechanisms that regulate conserved family 50 members in higher organisms. 51 52 53 54 55 56 57 58 75
INTRODUCTION
vxIs601 ; JPS1126 gcy-35(ok769) I; egl-4(n477) ; kin-148 29(oy38) X; vxIs601 149 Molecular Biology and Transgenic Strain Construction: The egl-1 reporter construct 150 was generated by long PCR fusion of three fragments: 1042-bp upstream of the egl-1 151 start codon amplified from N2 DNA lysate, worm-optimized mCherry amplified from 152 plasmid pCFJ90, and 5744-bp of the 3' downstream region of egl-1 genomic DNA 153 including the 3'UTR of egl-1 amplified from N2 lysate (SHEVCHUK et al. 2004) . Primers 154 used to generate the final fused product were: AGGCCTGATCATAGTTTCTGCCATTT 155 and ATCCCTAACATATTTCTCAAAGATACAAATGTCATC. 156 To generate the strain JPS601 with the integrated egl-1 reporter transgene in URX. All revertant mutants displayed a slight egg-laying defect and a longer body 193 than wild-type -common characteristics of the egl-4 mutant. Revertant mutants failed to 194 complement the egl-4(n477) allele when tested for vxIs601 expression in URX. timed egg laying and then imaged three days later. kin-29 mutants develop significantly 204 slower than wild-type worms or egl-4 mutants, however because reporter expression 205 level is a function of the amount of time an animal is exposed to oxygen as opposed to 206 a particular age, we compared day 1 wild-type and egl-4 adults to L2-L3 kin-29 animals 207 that had been synchronized by egg-laying.
208
Fluorescence intensity was quantified in FIJI software as has been previously 209 described (MCCLOY et al. 2014) . Briefly, the cell body was outlined and then the 210 background was subtracted to give a final fluorescence intensity for each cell. These 211 values were then normalized to wild-type animals grown in parallel at 21% oxygen for For experiments in which the oxygen environment was different than 21%, Reporter genes occasionally express in cells that do not normally express the 281 endogenous gene because the reporter lacks regulatory regions that repress the 282 endogenous gene (TURSUN et al. 2009 ). To test this possibility for our egl-1 reporter, we 283 used single molecule fluorescence in-situ hybridization (smFISH) to confirm whether 284 endogenous egl-1 mRNA transcripts could be found in URX (JOHNSEN AND HORVITZ 285 2016). To test the co-localization of the egl-1 fluorescent reporter and endogenous egl-1 286 mRNA, we used animals that carry the egl-1 reporter transgene nIs343, which 287 expresses nuclear-localized GFP using 6.5 kb of the upstream promoter region of egl-1 288 (HIROSE AND HORVITZ 2013). These animals showed the same expression pattern as our 289 egl-1 reporter described above (vxIs601), including expression of GFP in a small 290 number of neurons persisting past development, and especially strongly in URX. We 291 found that the GFP expression always (8/8 worms) co-localized with the smFISH signal 292 from probes targeted to the egl-1 transcript ( Figure 1C ). Notably, this expression 293 continued past the L2 larval stage, which is when the last somatic cell deaths in the 294 hermaphrodite occur (SULSTON AND HORVITZ 1977).
295
Past studies have identified genomic regulatory regions around egl-1 that control 296 expression in certain apoptotic cells, so we performed promoter truncation experiments 297 to determine whether egl-1 expression in URX is dependent on regions previously 298 identified as important for egl-1 transcription in other cells (BOULIN et al. 2006) . We 299 identified a 20-bp region ~85bp upstream from the egl-1 transcriptional start site that 300 was necessary for reporter expression in URX ( Figure S1 ). This region has not been 301 identified as necessary for any cell deaths examined in the worm thus far, and it is near 302 but distinct from a previously identified binding site of the transcription factor SPTF-3 (HIROSE AND HORVITZ 2013). This suggests that egl-1 transcription is regulated in URX 304 by different regulatory regions than have been previously described in developmental 305 cell deaths. 306 We tried several approaches to determine whether the EGL-1 protein was also 307 produced in URX; however, due to technical difficulties we were unable to make this 308 assessment (see Discussion for more details). Nevertheless, we conclude that with regard to a variety of URX-and egl-1-related phenotypes.
315
URX has an established role in the C. elegans innate immune response.
316
Transgenic worms lacking the URX, AQR, and PQR neurons survive longer than wild-317 type animals on the pathological bacteria Pseudomonas aeruginosa (STYER et al. 2008) . 318 We found that the egl-1 mutant has similar survival rates as wild-type on P. aeruginosa, 319 indicating that egl-1 is not necessary for URX to contribute to the worm innate immune 320 response (Figure 2A ). We also examined URX morphology to look for any signs of 321 neurodegeneration after incubation for 24 hours on P. aeruginosa, but found no obvious 322 defects in any (40/40) worms.
323
As the main oxygen-sensing neuron in C. elegans, URX is necessary for the 324 bordering behavior exhibited by npr-1 loss-of-function mutant animals (CHEUNG et al.
sensing machinery in URX show a defect in bordering. However, we found that the npr-328 1;egl-1 double mutant borders with the same incidence as the npr-1 single mutant. This 329 suggests that egl-1 is not necessary for URX to sense oxygen in order to drive the 330 bordering behavior ( Figure 2B ).
331
URX has been described as having a characteristic variable, branched dendritic 332 ending at the tip of the nose ("complex" endings) (WARD et al. 1975; WHITE et al. 1986; 333 DOROQUEZ et al. 2014) . In our parallel submitted work, we show that URX dendritic tips 334 fail to branch in certain genetic and environmental conditions ("simple" endings). We 335 examined the egl-1 mutant for dendritic tip morphology and found that it had "simple", 336 unbranched tips more often than wild-type animals (22% simple vs. 6.3% simple, 337 p<0.01 Fisher's exact test) ( Figure 2C ). However, the effect size was much smaller 338 relative to what we found in other genetic background and environmental conditions.
339
Moreover, the effect could be due to a number of other factors such as supernumerary 340 cells in the head region of the egl-1 mutant interfering with proper tip elaboration in 341 certain individuals. Consistent with this idea, we found that ced-3(n1286) mutant worms 342 had a similar tip elaboration defect (18% simple), so we did not characterize this 343 phenotype further in the egl-1 mutant.
344
Finally, egl-1 has previously been suggested to have a role in synapse pruning 345 during the development of the RME neurons (MENG et al. 2015) . Using a GFP-tagged 346 version of the synaptic marker RAB-3 expressed specifically in the URX neurons type and the egl-1 mutant, but found no gross defects in synapse localization or 349 abundance in the egl-1 mutant. This suggests that egl-1 does not play an obvious role 350 in synapse pruning in URX under basal circumstances ( Figure 2D ). transcription in URX, we set out to characterize how this transcription was controlled. 355 We used the egl-1 reporter to conduct an unbiased forward genetic screen looking for 356 mutants in which mCherry fluorescence was diminished or lost in URX. We recovered 357 several mutants, including a missense mutation in cng-1 (CHO et al. 2005; WOJTYNIAK et low oxygen in these mutants. However we found that egl-4 and kin-29 single mutants as 463 well as the egl-4;kin-29 double mutant still showed decreased reporter expression in low 464 oxygen conditions ( Figure 4E ). This provides evidence for at least a third, oxygen-465 dependent mechanism to regulate egl-1 expression in URX. As an independent test for 466 this hypothesis, we asked if the egl-1 reporter was still expressed in egl-4;kin-29 after 467 mutation of the oxygen sensor GCY-35. We found that the triple mutant gcy-35;egl-468 4;kin-29 showed vastly decreased reporter expression compared to the egl-4;kin-29 469 double mutant ( Figure 4F ). These results are consistent with two possibilities: either 470 oxygen sensation by URX is necessary to drive egl-1 expression or there is at least one 471 repressive pathway other than the egl-4 and kin-29 pathways that can regulate egl-1 472 expression in URX in an oxygen-dependent manner ( Figure 4G ). 
